Summary Transplantation is necessary for evaluation of kidney preservation procedures, and a model using a small laboratory animal is desirable. The rabbit was found to be a suitable animal for this purpose. Even long periods of anaesthesia without artificial respiration were safely achieved. Hydration and serum electrolytes could be maintained within normal ranges with intravenous injections of isotonic saline and dextrose during and after the operation.
Summary
Transplantation is necessary for evaluation of kidney preservation procedures, and a model using a small laboratory animal is desirable. The rabbit was found to be a suitable animal for this purpose. Even long periods of anaesthesia without artificial respiration were safely achieved. Hydration and serum electrolytes could be maintained within normal ranges with intravenous injections of isotonic saline and dextrose during and after the operation.
The kidneys were implanted by anastomosing the artery and vein end-to-side to the abdominal aorta and the posterior vena cava respectively. The ureter was implanted into the bladder over a nylon stent.
In a recent 100 transplantations the incidence of vascular thrombosis was low (4 %), but rather more (10%) mainly late ureteral complications were encountered.
Transplanted kidneys showed good function with mean peak serum creatinines of 285 /lmol/I and normal macroscopic and histological appearance at autopsy.
In order to evaluate the applicability of experimental kidney storage procedures, it is necessary to test the functional capacity of the' preserved organs. Tests ranging from assessment of physiological functions of the entire organ during normothermic perfusion (Bartlett, Nkposong & Richards, 1970; Fuller & Pegg, 1976) to biochemical estimations of subcellular events reflecting ischaemia (Buhl, 1976; Dahlager & Bilde, 1976;  Johnson, Anderson, Taylor & Swinney, 1973;  Kemp, Jacobsen & Amtrup, 1976) have been used for this purpose. However, these tests can only in part answer the question of viability. The ultimate answer is given by the performance of the organ after transplantation.
A reliable experimental transplant model in animals is thus required. Mainly dogs and pigs have been used, but the expense of large animals makes It model using small laboratory animals desirable.
Rats have been used for kidney transplantation studies. However, most of the techniques described are not suitable for autotransplantation-a serious limitation in preservation studies.
The rabbit seems to be an ideal choice as it is well known and widely used in the laboratory. Furthermore rabbits are docile animals, take up little space, require little tending, and are big enough for most surgical procedures.
Although several different techniques for renal transplantation in rabbits have been described (Bayuk & Schmidlapp, 1967; Dunn, 1976; Green, 1973; Heron, 1970; Holter, McKearn, Neu, Fitch & Stuart, 1972; Lund, 1970; McDonald & Fukuda, 1966; McDowal, Batchelor & French, 1973 ; Nathan, Gonzalez, Fowler, Pescovitz & Miller, 1961; Owen, Siome & Waterston, 1968 ), this animal model has been considered difficult to work with because of the highly variable dose-responses to most anaesthetics (Murdock, 1969) , the poor tolerance to heat and fluid losses, and the small size of the vessels to be anastomosed.
The present paper describes a simple and reproducible technique for transplanting rabbit kidneys. The method allows immediate or delayed contralateral nephrectomy, and it may be used for autoas well as allografting.
Materials and methods
Animals French lop-eared or New Zealand white rabbits of either sex weighing 2,7-3,5 kg were used. They were kept separately in cages with a wire-mesh floor which allowed the urine to be collected in a flask under the cage via a large funnel. Free access to food and water was allowed except for an 18h preoperative period of starvation.
Anaesthesia
The animals were premedicated with atropine sulphate (0,1 mg/kg sc). 30 min later 0·2 ml/kg of a mixture containing fentanyl citrate 0·315 mg/ml and fluanisone 10 mg/ml ('Hypnorm'; Janssen Pharmaceutica, 2340 Beerse, Belgium) was given intramuscularly. After a further 15 min, surgical anaesthesia was induced with methohexitone sodium ('Brietal'; Eli Lilly & Co., Indianapolis, Indiana 46206, USA) injected intravenously through a butterfly needle inserted in the marginal vein of the ear. This was injected until the animal was relaxed and its respiration was mildly depressed. The initial dose was usually 2-3 mg/kg. The hypnotic-analgesic state was thereafter maintained by inhalation of nitrous oxide and oxygen (1 :1) via an open mask, and repeated intravenous injections of 2-4 mg of methohexitone when necessary. Each injection of methohexitone was followed by injection of 5 ml of isotonic saline solution to counteract the fall in blood pressure which was usually produced by the barbiturate.
In cases of respiratory depression resulting from barbiturate overdosage, the lungs were ventilated by gentle, rhythmic compression of the thorax until spontaneous respiration was restored. Recovery from anaesthesia was accelerated by administration of the morphine antagonist nalorphine hydrobromide ('Lethidrone';
Wellcome Foundation, 183 Euston
Road, London, NWI 2BP), 0·3 mg/kg intravenously.
In experiments where a second operation was necessary on the same day, further atropine was not given. Fentanyl-f1uanisone (0'2 ml/kg im) was again injected followed by methohexitone and nitrous oxide-oxygen. Nalorphine was again injected at the end of anaesthesia.
Using this method, rabbits could safely be held in the anaesthetic state for up to a total of 4-5 h without artificial respiration.
The animals were retained on an electrically heated blanket at 39°C throughout the operative procedure and until they were fully recovered. Jacobsen with 6-0 plain catgut ligature around the catheter and the remaining dorsal wall of the ureter ( Fig. I B) , and the remainder of the ureter severed immediately posterior to the catgut ligature (Fig. 1C ).
Before isolation of the left kidney, 1-2 ml of lignocaine hydrochloride (0' 5 %) was injected around the renal vessels in order to minimize vascular spasm produced by dissection. URETER / A Fig. 1 . Ureteric tecbnique. A ureter is ligated and cut balf-way tbrougb. B tbe catbeter is inserted tbrougb tbe opening and fixed witb a 6-0 plain catgut ligature. C tbe remainder of tbe ureter is severed immediately posterior to tbe catgut ligature, and tbe catbeter is sbortened.
Hydration and medication during the operative procedure
Fluid was lost by the considerable evaporation from the intestines which were placed extraabdominally during nephrectomy and transplantation. This was restored by intravenous injection of isotonic saline and isotonic dextrose solutions in the ratio 2: I. A total of 100 ml of fluid was injected during nephrectomy, whilst 150 ml was injected during transplantation.
Before nephrectomy the animals were treated with 10 ml of mannitol (10% solution), 5 mg of furosemide ('Lasix'; Farbwerke Hoechst AG, Lucius & Bruning, 6230 Frankfurt (M), West Germany) 500 units of heparin and 4 mgjkg of chlorpromazine hydrochloride, all injected intravenously. In order to avoid depression of the blood pressure by chlorpromazine, this drug was diluted in 10 ml of isotonic saline before injection.
Nephrectomy
Nephrectomy was performed through an abdominal midline incision from the symphysis to the xiphoid process. The peritoneum over the left ureter was carefully divided, and the ureter was isolated along its full length. It was ligated 15 mm anterior to the bladder, after which mannitol and furosemide were injected iv in order to produce a diuresis and dilatation of the ureter. The ureter was cut half-way through ( Fig. I A) :..-~B C sufficient space for finally stitching the right side, which would otherwise be situated behind the vein (Fig.2C ). Chlorpromazine and heparin were then injected and the kidney was carefully stripped of the perirenal fatty tissue with minimal handling of the kidney itself. After isolation, the renal artery and then the vein were clamped, divided and ligated, and the kidney removed. As soon as possible after this the renal artery was cannulated with a T-piece cannula through which the kidney was washed out with 100 ml Collin's solution at 4°C delivered from a pressurized bottle at 60 mmHg.
Transplantation
For transplantation, the midline incision was reopened and the right kidney was exposed by placing the intestines, wrapped in saline soaked gauze swabs, outside the laparotomy. It was particularly important to retain the intestines on a small 'pillow' to keep them level with the edge of the wound, thus avoiding constriction of mesenteric vasculature and possible development of hypotension and shock. The right kidney was isolated, and the vessels and ureter ligated and cut. The intestines were then placed to the animal's right to make room for implantation of the left kidney.
The abdominal aorta and the posterior vena cava were dissected free from their fibrous sheet and mobilized between two lumbar arteries and lumbar veins respectively. The vena cava was cross-clamped at 2 levels with a single pair of curved forceps, so that a part of the vein, 10-15 mm posterior to the origin of the renal vessels, could be opened by a 4-5 mm incision and through which blood was washed out of the clamped pouch ( Fig. 2A) . The kidney was then placed between two ice-cold saline swabs on the left side of the abdominal vessels opposite to the incision in the vena cava. Using an operating microscope (magnification x 8), the renal vein was anastomosed end-to-side to the opening with a continuous, atraumatic 8-0 virgin silk suture on a round-bodied needle (J. Weiss & Son Ltd, II Wigmore Street, London, WI H ODN). First, the renal vein was sutured to the 2 ends of the incision ( Fig. 2B ) after which the right side was stitched starting at the cranial end. After the kidney had been turned over, the left side was sutured from the caudal end of the incision making the vein 'trumpetshaped' in order to make the anastomosis as wide as possible.
The aorta was subsequently cross-clamped in the same manner in a pair of curved forceps about 5 mm caudal to the venous anastomosis. It was opened by removal of a longitudinal, oval patch 2 x 1 mm with a pair of iris scissors.
The renal artery was similarly anastomosed to the aorta using end-to-side continuous sutures with 8-0 virgin silk. The arterial anastomosis was placed somewhat below the venous one in order to provide A URETER TIED HOLDING SUTURE c DORSAL VIEW Fig. 3 . Ureteric technique. A the dorsal wall of the bladder is exposed, and an incision in the muscular layer and a circular hole in the mucosa is made. A holding suture (7·0 double armed silk) is stitched into the dorsal wall of the ureter. B the two ends of the holding-suture are passed through the opening in the bladder and out through its wall. C the ureter is pulled through the bladder incision and fixed by tieing the holding suture on the outside. The muscular incision is closed with one 7-0 silk suture.
For at least 5 min before the aorta was clamped, .the animal was allowed to breathe pure oxygen to extend the period in which the circulation to the caudal part of the body could be stopped (without subsequent paralysis) from less than 10 min to 15-20 min. This allowed ample time for the arterial anastomosis.
For reconstruction of the urinary drainage into the bladder, 4 experimental series employing different techniques were undertaken. In the first 3 groups, transplantation of the kidneys was omitted. After removal of the right kidney, the left ureter was isolated and divided. It was then anastomosed using one of the following methods. 1. End-to-end anastomosis of the ureter over a nylon stent (outside diameter 1·34 mm; Portex Division, Smith Industries Inc., PO Box 209, Industrial Way, Wilmington, Massachusetts 01887, USA) as described by Holter et al. (1972). 2. Implantation of the ureter together with the inserted catheter (described under Nephrectomy) in the fundus of the bladder, and fixture with a 4-0 catgut ligature, including the catheter and the adjacent parts of the bladder wall (D. C. Dunn, personal communication 
Renal transplantation in the rabbit
In a 4th series, kidneys were transplanted and a modified 'tunnel' technique for implantation of the ureter together with the catheter through the dorsal wall of the bladder was developed (method 4). A double-armed 7-0 silk suture was stitched into the dorsal wall of the severed ureter (Fig. 3A) . The fundus of the bladder was moved in the ventrocaudal direction exposing the dorsal wall. A 5-6 mm longitudinal incision in the muscular layer near the vesical trigone was made, and a circular hole was cut in the protruding mucosa. The 2 ends of the holdingsuture were then passed through the opening and out through the bladder wall ( Fig. 3B ) after which the ureter with its catheter could be pulled through the opening and fixed by tying the holding suture on the outside of the bladder. The r.'lUscular incision was finally closed with a superficial 7-0 silk suture immediately below the ureter (Fig. 3C ).
After the vascular and ureteric anastomoses were completed, the omentum from the major curvature of the ventricle was drawn over the kidney and stitched to the psoas muscle in order to prevent twisting of the renal vessels.
The abdominal wall was closed in two layers with continuous 3-0 polyester fibre ('Dacron'; Davis & Geck, American Cyanamid Co., Pearl River, New York 10965, USA).
25 mg ampicillin were given intravenously after the operation.
Postoperative hydration
All animals were weighed before transplantation and on each postoperative day. Weight loss of more than 50 g/day was replaced iv with isotonic saline and isotonic dextrose solutions in the ratio 2: 1 through a butterfly needle in the marginal vein of the ear. Injection of more than 250-300 m] per day was avoided because of the risk of pulmonary oedema.
Normal ranges for serum sodium, potassium, protein and bicarbonate were established in a control series of 75 rabbits, and the same parameters were followed daily in 10 transplanted rabbits, in order to evaluate the efficiency of the hydration procedure described. Sodium and potassium were measured by flame photometry, protein by refractometry and bicarbonate by tonometry.
Measurement of graft function
B]ood samples for daily serum creatinine estimation were collected from the central artery of the ear during the 1st post-operative week. In the 2nd week samples were taken every other day and thereafter twice a week.
Creatinine was measured by the alkaline picrate method. A normal range for serum creatinine was established in 75 rabbits.
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At the end of the experimental period of 21 or 28 days, endogenous creatinine clearance was measured in the following way. To ensure accurate measurement of the diuresis, the bladder was first emptied through a small laparotomy made under neuroleptanalgesia with fentanyl-fluanisone (0'5 ml/kg). The effect of fentanyl was rapidly reversed with nalorphine (0,5 mg/kg iv). Urine was collected in a metabolism cage for approximately 24 h after which the animal was killed and the bladder again emptied by puncture and needle aspiration. Blood samples were collected before and after the clearance period. Renal tissue was taken for histological examination. Kidney slices were fixed in formolsaline and then stcPned by conventional haem atoxylin-eosin techniques. Table 1 shows normal ranges for serum sodium, potassium, protein, bicarbonate and creatinine in 75 rabbits given as mean -2sd to mean + 2sd. Table 2 contains the total variation of serum protein and electrolytes in 10 rabbits hydrated during 10 postoperative days after autotransp]antation: variations are virtually within the norma] ranges. Fig. 4 shows postoperative serum creatinine in 15 French lop-eared rabbits autotransplanted after minimal warm and cold ischaemia. The ureter technique described above as method 4 was used. Peak creatinine, usually reached on day 1 or 2, was 285 ± 186 j.lmo]/] (mean ± sd), and all rabbits had normal serum creatinine within 6-7 days.
Results

Normal ranges and postoperative hydration
One kidney ceased to function on day 1 because the renal vessels had twisted along their length. This kidney had not been fixed with omentum. One graft did not function after day 3 due to a totally blocked ureter, and one ureter became blocked after satisfactory function for 17 days, but the urinary drainage was in this case restored by intravenous injection of diuretics. Fig. 4 . Serum creatinine levels of IS rabbits with kidneys autotransplanted after minimal ischaemia. An immediate contralateral nephroctomy was carried out.
Analysis a/the latest 100 transplantations
A total of 500 kidneys were transplanted using the techniques described. Of these the most recent 100 were analysed for frequency of complications.
All grafts in this group had the ureter implanted by method 4.
The unavoidable warm ischaemia time averaged 3 min (range 2-4'5 min). The mean time for construction of the arterial anastomosis was II min (range 8-14 min), whereas the corresponding time for the venous anastomosis was 15 min (range 11-33 min).
2 rabbits died before the start of the operation due to respiratory depression because of too rapid injection of barbiturate. 3 animals showed symptoms of severe cerebral damage after the anaesthesia, which led to early postoperative death, but each of these had been anaesthetized twice in a day.
There were 2 cases of venous thrombosis, in 1 of which the right and left side of the vessel had been stitched partly together, producing a stenosed lumen. Another 2 transplants failed to function because of arterial thrombosis.
10 of the 100 transplantations were complicated by ureteral obstruction because of fibrous stenosis occurring from day 8 to day 26 post transplantation. 5 of these were before day 21.
Only 1 animal showed flaccid paralysis of the hindlegs, and wound infection was not seen in any of the transplantations analysed although only antiseptic precautions were taken during surgery. late signs of infarction, such as fibrosis or calcification, were seen. The glomeruli were normal. Only the tubular epithelium showed signs of degeneration in the form of vacuolisation of the cytoplasm and in places ill-defined tubular lumina. The same morphological changes were however seen in normal kidneys removed for histological controls. The 2 kidneys with blocked ureters showed marked dilatation of Bowman's capsules, tubuli and collecting tubules. A modest dilatation was seen in a further 3 kidneys. The kidney with twisted vessels was completely necrotic at the time of removal. Control transplantations were made in 2 similar groups of New Zealand white rabbits. In a group of 5 in which furosemide was omitted in the pretreatment, all ureters were blocked before day 10. In the other group of 6, where the transplantation technique was exactly the same as that for the lop-eared rabbits, 3 ureters had late blocks (0'20 > P>0·10 compared with the lop-eared rabbits). Peak creatinine levels in the latter 2 groups were not different from those in the former.
10 of 12 ureters became blocked during the 1st 10 postoperative days in experiments where end-toend ureteric anastomosis (method 1) was performed. With methods 2 and 3, 11 of 14 and 4 of 10 ureters respectively became blocked in the early postoperative phase. Table 3 . Endogenous creatinine clearance 21 and 28 days after unilateral nephrectomy and control transplantation in rabbits Mean ± sd (number of experiments)
Nephrectomy Transplantation
Creatinine clearance ml X min-1 day 21 day 28 8,57 ± 2·97 (6) 8,57 ± 1·58 (5) 6·90 ± 0,68 (4) 9-67 ± 3,34 (4) Table 3 shows endogenous creatinine clearance in unilaterally nephrectomized and control-transplanted rabbits 3 and 4 weeks after the operation. There was no significant difference between unilaterally nephrectomized and cOfltrol-transplanted rabbits (P>O·IO) nor was there any difference between function at 3 and 4 weeks (P >0,10 rank sum test).
Histological examination of tissue samples from the control-transplanted kidneys revealed well· preserved morphology under light microscopy. No
Discussion
The transplantation technique described above has proved to be useful and reliable for evaluating function of preserved kidneys in rabbits. It is suitable for autografting which is important in preservation studies. Autotransplantation is not possible with the method described by Bayuk & Schmidlapp (1967) , as the donor kidney is taken out with segments of the abdominal aorta and vena cava, nor by the method described by Heron (1970) because the ureter technique involves the removal of a patch of the bladder together with the donor ureter.
The combination of drugs employed for anaesthesia proved very suitable for rabbits, especially when long periods of anaesthesia were necessary. Dose response, particularly to barbiturates, was seen to be highly variable, and overdosage was best avoided by using a diluted solution of a short-acting drug injected in small repeated amounts, guided by the degree of respiratory depression. For short operations, barbiturates were not necessary' if rather high doses of fentanyl-fluanisone (0'5 ml/kg) were used, but for longer anaesthesia the dose of 0·15 ml/kg could not be exceeded without severe brain damage and early postoperative deaths occurring in several cases. It was also found important not to use more than 50% nitrous oxide in combination with oxygen.
The marked tendency to systemic hypotension in rabbits (Dunn, 1976) makes it essential to replace fluid loss during the operation. Injection of the large volumes indicated above were necessary to maintain normohydration as measured by pre-and postoperative weights. Blood pressure, measured in a few experiments, remained stable despite clamping of the major abdominal vessels.
It is also important to prevent dehydration in the early postoperative phase, especially in cases of temporarily poor graft function during which the animals may not drink. The administration of saline and dextrose solutions maintained serum electrolytes within normal ranges, permitting the animals to survive even pronounced temporary disturbance of renal function. The injection of the large amounts of fluid (up to 300 ml-an amount comparable with the total blood volume) did not produce noticeable pulmonary,oedema.
A cuff technique for end-to-end construction of the vascular anastomoses has been used with varying results. Heron (1970) found a rather high proportion of vascular thrombosis, whereas the incidence of this complication was negligible in the techniques described by Green (1973) and Dunn (1976) . The 4 % incidence of vascular thrombosis encountered in the present studies is of the same low order of magnitude, and is considerably less than that reported by Lund (1970) and Holter et al. (1972) , who also used suturing techniques for the vascular anastomoses. The time necessary for construction of the anastomoses by cuff technique is shorter than the average of 26 min used for the present end-to-side anastomoses, but peak creatinine in the control transplantations compared with those 69 found by Green and Dunn seems to indicate that the additional time is of no major importance.
The high incidence of hindleg paralysis as a result of cross-clamping of the aorta described by Lund (1970) and others has in the present technique been avoided by allowing the animal to breathe pure oxygen for at least 5 min before clamping the aorta. This gives the surgeon up to 20 min for anastomosing the artery without fear of paralysis developing in the animal.
The major problem by far in the rabbit kidney transplantation model is that of the urinary drainage. Of the several methods that have been described, that involving simple end-to-end anastomosis of the ureter over a stent in the lumen (Holter et al., 1972) was unsuccessful in our hands. Ureterocyctotomy incorporating a nylon stent, as described in the present paper (method 4), was reasonably efficient, and the 10% incidence of ureter complications is not different from the frequence~observed by others using different techniques (Green, 1973; Dunn, 1976) .
The frequency of ureteral complications was 9 % in lop-eared rabbits and 15% in New Zealand whites in the present series, i.e. not significantly different (P>0'20, X 2 test). Generally, however, lop-eared rabbits were found to be more suitable for this type of experiment than the New Zealand whites, having longer renal vessels, bigger ears for blood sampling and intravenous hydration, and being the more docile.
The majority of ureteral blocks occurred between 3 and 4 weeks posttransplantation, well after serum creatinine had returned to normal. They were not therefore crucial in these particular experiments. Furthermore it was often possible to re-establish urinary drainage surgically.
As graft function 21 days after the transplantation was not different from that after 28 days, experiments could be terminated after 3 weeks, thus reducing the risk of ureteral blockage in the experimental period.
In cases of anuria, ureteral obstruction can easily be diagnosed through a small laparotomy, and thus transplantations with this complication can be excluded from the experimental series.
